Abstract. These notes discuss three aspects of dynamic factor pricing (ie., APT) models. First, the diversifiable component of returns is anpredictable in a no-arbitrage world. Second, conditional factor loadings or betas have an unconditional factor structure when returns follow an unconditional factor sn'ucture, which provides a link between conditional and unconditional factor pricing models. Third, the estimation of dynamic factor pricing models is easily simplified in large cross sections when returns follow an unconditional factor structure. These results aid in the interpretation of existing applications and identify some of the issues in the formulation and estimation of dynamic factor pricing models.
Introduction
This article documents some of the economic and technical restrictions placed on the time series properties of security returns by dynamic factor or Arbitrage Pricing Theory (APT) models. The original analysis in Ross (1976 Ross ( , 1977 has typically been interpreted as a factor pricing model that is static in the sense that the Capital Asset Pricing Model is a static model with constant investment opportunities. Put differently, Ross did not explicitly distinguish between conditional and unconditional moments.
Of course, the analysis in Ross (1976 Ross ( , 1977 is not really smile but rather concerns a singleperiod model. Single-period models that assume the absence of arbitrage opportunities can place nontrivial dynamic restrictions on asset prices conditional on available information. Accordingly, they can be treated as making assumptions about the diversification prospects implicit in the conditional covariance matrices of returns that follow conditional factor structures, and also as calculating their no-arbitrage implications for conditional mean returns.
Nevertheless, this article shows that some aspects of the translation from the static to the dynamic setting are not entirely routine. If the nonfactor component of return represents diversifiable risk, it is approximately unpredictable in the absenee of arbitrage opportunities as the number of securities grows without bound. If returns possess an unconditional factor structure, conditional factor loadings have a factor structure that yields a dynamic model with constant loadings as the number of securities grows without bound.
These observations are useful for formulating, estimating, and testing dynamic factor models. They also provide an interpretation of existing empirical work that assumes both that the conditional covariances of returns with a small number of common factors determine conditional expected returns and that these conditional covariances are constant. Accordingly, these notes discuss the time series implications of dynamic factor pricing models with a view toward empirical applications. As such, the focus of this article differs from related papers such as Connor and Korajczyk (1989) , Huberman and Kandel (1987), Ingersoll (1984) , Rothschild (1986), and Stambaugh (1983) .
The article is organized as follows. Section 2 records the pricing implications of a conditional factor structure in security returns, focusing on the implied unpredictability of the nonfactor component of returns as the number of assets grows without bound. Section 3 describes the links between the parameters of conditional and unconditional factor structures in large cross sections of security returns. Section 4 sketehes some of the econometric implications of these observations, and section 5 concludes the article. A brief appendix describes the general estimation problem in dynamic factor models.
Factor pricing in a dynamic setting
Static factor-pricing models predict that the diversifiable component of returns is not "priced" for most of a large menu of assets when their returns follow a factor structure. Not surprisingly, the same basic intuition applies in a dynamic setting. The main novelty introduced by dynamic considerations is that the diversifiable portion of security returns is unpredictable when it is not priced.
To fix matters, let the N vector of security returns R t follow the conditional factor structure: 
where Eel is the N vector of their conditional expected returns, 6ct is a Kc vector of zero conditional mean common factors, Bet is the NxKc matrix of coefficients from the conditional population regression of returns on the common factors, and e, is an N vector of zero conditional mean idiosyncratic or residual disturbance terms. The information set It-1 reflects unspecified information available to investors, and the subscript "c" refers to the assumption that the factor structure is conditioned on this information. 1 It is always possible to decompose security returns in this fashion because there are no assumptions whatsoever about market prices implicit in this description save for the existence of the relevant moments.
The only assumption about market prices made in the APT is that the common factors are the dominant source of covariation among these security returns. This places restrictions on both the factors and the idiosyncratic disturbances. The factors must be pervasive and affect "most" security returns. A sufficient condition for this to occur is lim ~mi,(Bc,'B~,) = c~ ¥ t,
N~oo where ~min(') is the smallest eigenvalue of its argument. If some such condition were not met. idiosyncratic risk could be incorrectly classified as common factor risk. z In addition, the theory requires that diversification eliminates the idiosyncratic or residual component of returns from the returns of large, wen-diversified portfolios. This amounts to assuming that the idiosyncratic disturbances obey a weak law of large numbers. The
